JP-A-2Q03-1.74794 



Page 1 of 1 5 



PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2003-1 74794 

(43)Date of publication of application : 20.06.2003 



(51)Int.CI. 



H02P 6/18 
H02K 1/27 
H02P 6/10 



(21 Application number : 2001-369902 
(22)Date of filing : 04.1 2.2001 



(71) Applicant 

(72) Inventor : 



DAIKIN IND LTD 

YAMAGIWA AKIO 
AOTA KEIJI 
OYAMA KAZUNOBU 



r- + 



(54) METHOD OF DRIVING BRUSHLESS DC MOTOR AND ITS DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce electromagnetic force 
vibration and noise surely and enough. 

SOLUTION: This device has a brushless DC motor 2 which is 
supplied with a drive current from a three-phase inverter circuit 
1b, a sensorless position detecting circuit 3 which receives the 
input of a drive current for two phases and detects the rotational 
position of the rotor of the brushless DC motor 2, a PWM 
generating circuit 4 which receives the input of the positional 
detection signal outputted from the sensorless position detecting 
circuit 3, performs PWM control calculation and outputs a PWM 
control signal so as to PWM-operate the three-phase inverter 
circuit 1b, and a higher harmonic injection circuit 5 which receives 
the input of the positional detection signal outputted from the 
sensorless position detecting circuit 3 and injects a higher 
harmonic component current. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The brushless DC motor drive approach characterized by pouring in the harmonic content 
current which is not directly related to the degree of the noise component which is the approach of driving 
a brushless DC motor (2) by supplying a drive current from a power unit (1b) f and serves as a candidate for 
reduction. 

[Claim 2] The brushless DC motor drive approach characterized by pouring in the higher-harmonic-wave 
current of a different degree to the drive current which is the approach of driving a brushless DC motor (2) 
by supplying a drive current from a power unit (1b), and contains the harmonic content of a predetermined 
degree. 

[Claim 3] The degree of said higher-harmonic-wave current to pour in is the brushless DC motor drive 
approach according to claim 2 which is at least one degree. 

[Claim 4] The brushless DC motor drive approach which is an approach of driving a brushless DC motor (2) 
by supplying a drive current from a power unit (1b), and is characterized by pouring in the 7th higher- 
harmonic-wave current of a fundamental wave to a drive current. 

[Claim 5] The brushless DC motor drive approach according to claim 4 of setting up the amount of the 7th 
higher-harmonic-wave current poured in by 0.05 to 0.20 times the fundamental wave. 
[Claim 6] The brushless DC motor drive approach given in any of claim 1 to claim 5 which detects the 
rotation location of the rotator of a brushless DC motor (2) from a motor neutral point signal, and supplies 
a drive current to a brushless DC motor (2) from a power unit (1b) based on the detected rotation location 
they are. 

[Claim 7] The brushless DC motor drive approach given in any of claim 1 to claim 5 which detects the 
rotation location of the rotator of a brushless DC motor (2) from the stator applied voltage of a brushless 
DC motor (2), a motor current, and the device constant of a brushless DC motor (2), and supplies a drive 
current to a brushless DC motor (2) from a power unit (1b) based on the detected rotation location they 
are. 

[Claim 8] The brushless DC motor driving gear characterized by including a harmonic content current 
impregnation means (5) to pour in the harmonic content current which is not directly related to the degree 
of the noise component which is equipment which drives a brushless DC motor (2) by supplying a drive 
current from a power unit (1b), and serves as a candidate for reduction. 

[Claim 9] The brushless DC motor driving gear characterized by including a higher-harmonic-wave current 
impregnation means (5) to pour in the higher-harmonic-wave current of a different degree to the drive 
current which is equipment which drives a brushless DC motor (2) by supplying a drive current from a 
power unit (1b), and contains the harmonic content of a predetermined degree. 

[Claim 10] The degree of said higher-harmonic-wave current to pour in is a brushless DC motor driving 
gear according to claim 9 which is at least one degree. 

[Claim 11] The brushless DC motor driving gear characterized by including a 7th higher-harmonic-wave 
current impregnation means (5) to drive a brushless DC motor (2) by supplying a drive current from a 
power unit (1b) and to be equipment and to pour in the 7th higher-harmonic-wave current of a fundamental 
wave to a drive current. 

[Claim 12] Said 7th higher-harmonic current impregnation means (5) is a brushless DC motor driving gear 
according to claim 1 1 which is what sets up the amount of the 7th higher-harmonic current poured in by 
0.05 to 0.20 times the fundamental wave. 

[Claim 13] Said brushless DC motor (2) is a brushless DC motor driving gear given in any of claim 8 to 
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claim 12 which is what has the rotator which comes to embed a permanent magnet inside they are. 
[Claim 14] Said brushless DC motor (2) is a brushless DC motor driving gear given in any of claim 8 to 
claim 10 which is what has the stator of the concentrated-winding mold which coils and comes to carry 
out the time of the direct coil to a tooth part they are. 

[Claim 15] Said brushless DC motor (2) is what has the stator of a 3xN (N is even number) slot, and the 
rotator of a 2xN pole. It replaces with a harmonic content current impregnation means (5) higher-harmonic 
current impregnation means (5). NxK (K is one or more integers) — the brushless DC motor driving gear 
according to claim 14 which adopts a current impregnation means (5) to pour in the current which includes 
the higher-harmonic current of degrees other than primary [ **] NxK that the following higher-harmonic 
noise should be reduced. 

[Claim 16] Said brushless DC motor (2) is a brushless DC motor driving gear according to claim 15 which is 
what has the stator of six slots, and the rotator of four poles, and adopts what pours in the current which 
includes the higher-harmonic current of degrees other than [ 2K**] primary that said current impregnation 
means (5) should reduce the higher-harmonic noise of 2K (K is one or more integers) degree. 
[Claim 17] A brushless DC motor driving gear given in any of claim 8 to claim 16 which detects the rotation 
location of the rotator of a brushless DC motor from a motor neutral point signal, and includes further a 
power control means (3a) (3b) (3c) (6) to control a power unit (1b) that a drive current should be supplied 
to a brushless DC motor, from a power unit based on the detected rotation location they are. 
[Claim 18] The rotation location of the rotator of a brushless DC motor (2) is detected from the stator 
applied voltage of a brushless DC motor (2), a motor current, and the device constant of a brushless DC 
motor (2). It is based on the detected rotation location. A power unit A brushless DC motor driving gear 
given in any of claim 8 to claim 16 which contains further in a brushless DC motor (2) a power control 
means (33) to control a power unit (1b) that a drive current should be supplied, (34), (35), and (36) from 
(1b) they are. 

[Claim 19] Said brushless DC motor (2) is a brushless DC motor driving gear given in any of claim 8 to 
claim 18 which is what drives the compressor for freezers, or the compressor for air conditioners they are. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method of driving a brushless DC motor, and its 

equipment by supplying a drive current from a power unit. 

[0002] 

[Description of the Prior Art] From the former, adopting a brushless DC motor as a rotation driving source 
in various fields is being proposed and put in practical use paying attention to an efficient thing. 
[0003] And the vibration and the noise resulting from (1) torque fluctuation (tangent electromagnetic force 
in stator inner circumference), and the vibration and the noise by the normal electromagnetic force 
generated in the stator which does not contribute to (2) torque are known as a cause of generating of the 
noise of a brushless DC motor. 

[0004] About the noise which originates above (2) especially, several times as many electromagnetic force 
as this will occur to tangent electromagnetic force, and the loud noise will be generated, and it cannot use 
as torque. Therefore, to reduce normal electromagnetic force and to reduce vibration and the noise is 
desired. 
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[0005] Moreover, when the frequency of the harmonic content of the electromagnetic force of the 
direction of a normal is in agreement with stator resonance mode and a frequency, a stator will cause 
resonance and the still louder noise will be generated. 

[0006] In consideration of these, the motorised method for reducing the harmonic content of 
electromagnetic force is proposed as follows. 

(a) Store the fluctuation information on the electromagnetic force constituting the cause of circular ring 
vibration of a stator in electromagnetic-force fluctuation storage. According to positional information, read 
this electromagnetic-force fluctuation information, and a correction factor generating circuit is supplied. 
The control unit of the dynamo-electric machine which generates a correction factor which negates the 
main factor slack electromagnetic-force harmonic content of circular ring vibration of a stator, and amends 
a drive current wave form (refer to JP,1 1-341 864.A), (b) by being inverter equipment which operates BL 
motor and a reluctance motor, and making an energization include angle into 144 degrees **3 degrees The 
inverter equipment which makes 5th time amount harmonic content min, and makes low vibration and the 
low noise possible (refer to JP,2000-308383,A), (c) Switch direct current voltage by the switching element 
of an inverter circuit, and it is impressed by the motor. A location detecting signal is obtained in a location 
detector with the induced voltage generated in the non-energizing phase of this motor. This location 
detecting signal detects the location of a rotator in a control circuit, and energization of a motor is 
changed. And it hits carrying out PWM control of the switching element, and driving a motor. Superimpose 
a voltage component which makes forward torque harmonic content beforehand contained in induced 
voltage on the applied voltage of a motor, and a motor is operated. In quest of the wave pattern {an 
electrical-potential-difference (PWM) pattern} equivalent to applied voltage when [ of this operation ] the 
most efficient, it memorizes to ROM. By the control circuit PWM control of the switching element is carried 
out using the wave pattern of the ROM. The timing circuit which detects the control approach (JP.2000- 
45783.A) of a motor of having made it drive a motor, and the timing between about 120 degrees and 180 
degrees of (d) energization drive section, The wave generating circuit which generates a saw-tooth wave, 
and the energization command generating circuit which the on-duty of a software PWM circuit is changed 
by the voltage waveform of a wave generating circuit and is energized, A vertical transistor group and a 
power transistor group are earned. For about 1 20 to 1 80 degrees of the above-mentioned energization 
drive section, The drive circuit of the brushless DC motor which adds the signal which changed the on- 
duty of a software PWM circuit gradually to each phase of a three-phase-motor coil group, lowers the on- 
duty of the energization last stage gradually, and was energized (JP,10-66375,A). 
[0007] The electromagnetic-force oscillating component from which above-mentioned method 
[ conventional ] (a) - (d) causes noise and vibration, or the technique of making superimpose current 
harmonic content directly and removing the frequency component of a torque ripple — { — n (n is a 
positive integer) — with technique} which superimposes the n-th higher-harmonic current [ n**primary ] 
that the following noise and oscillating component should be reduced It is divided roughly into the 
technique of making min an electromagnetic-force oscillating component or current harmonic content 
leading to a torque ripple. 
[0008] 

[Problem(s) to be Solved by the Invention] When the technique of making superimpose current harmonic 
content directly and removing the electromagnetic-force oscillating component leading to the noise and 
vibration or the frequency component of a torque ripple is adopted, the noise and an oscillating component 
to reduce will increase. [ there is a possibility that an electromagnetic-force oscillating component or a 
torque ripple may increase in the timing of the current phase to pour in or a rotation location, 
consequently ] 

[0009] When the technique of making min an electromagnetic-force oscillating component or current 
harmonic content leading to a torque ripple is adopted, it is almost impossible to make only corresponding 
current harmonic content into min, and since other current harmonic content will be affected, there is no 
guarantee which can fully reduce the noise and an oscillating component. Moreover, processing will be 
complicated as compared with the case where current harmonic content is superimposed. 
[0010] 

[Objects of the Invention] This invention is made in view of the above-mentioned trouble, and it aims at 
offering the brushless DC motor drive approach that electromagnetic-force vibration and the noise can 
certainly and fully be reduced, and its equipment. 
[0011] 

[Means for Solving the Problem] In driving a brushless DC motor by supplying a drive current from a power 
unit, the brushless DC motor drive approach of claim 1 is an approach of pouring in the harmonic content 



file://C:¥Documents and Settings¥mmckeever¥My Documents¥JPOEn¥JP-A-2003-1 74794.... 12/29/2005 



JP-A-2003-174794 Page 5 of 1 5 

current which is not directly related to the degree of the noise component used as the candidate for 
reduction. 

[0012] In driving a brushless DC motor by supplying a drive current from a power unit, the brushless DC 
motor drive approach of claim 2 is an approach of pouring in the higher-harmonic current of a different 
degree to the drive current containing the harmonic content of a predetermined degree. 
[0013] The brushless DC motor drive approach of claim 3 is an approach of setting the degree of said 
higher-harmonic current to pour in as at least one degree. 

[0014] In driving a brushless DC motor by supplying a drive current from a power unit, the brushless DC 
motor drive approach of claim 4 is an approach of pouring in the 7th higher-harmonic current of a 
fundamental wave to a drive current. 

[0015] The brushless DC motor drive approach of claim 5 is an approach of setting up the amount of the 
7th higher-harmonic current poured in by 0.05 to 0.20 times the fundamental wave. 

[0016] The brushless DC motor drive approach of claim 6 is the approach of detecting the rotation location 
of the rotator of a brushless DC motor from a motor neutral point signal, and supplying a drive current to a 
brushless DC motor from a power unit based on the detected rotation location. 

[0017] The brushless DC motor drive approach of claim 7 is the approach of detecting the rotation location 
of the rotator of a brushless DC motor from the stator applied voltage of a brushless DC motor, a motor 
current, and the device constant of a brushless DC motor, and supplying a drive current to a brushless DC 
motor from a power unit based on the detected rotation location. 

[0018] By supplying a drive current from a power unit, the brushless DC motor driving gear of claim 8 
drives a brushless DC motor, and includes a harmonic content current impregnation means to pour in the 
harmonic content current which is not directly related to the degree of the noise component used as the 
candidate for reduction. 

[0019] By supplying a drive current from a power unit, the brushless DC motor driving gear of claim 9 
drives a brushless DC motor, and includes a higher-harmonic current impregnation means to pour in the 
higher-harmonic current of a different degree to the drive current containing the harmonic content of a 
predetermined degree. 

[0020] The brushless DC motor driving gear of claim 10 sets the degree of said higher-harmonic current to 
pour in as at least one degree. 

[0021] By supplying a drive current from a power unit, the brushless DC motor driving gear of claim 1 1 
drives a brushless DC motor, and includes a 7th higher-harmonic current impregnation means to pour in 
the 7th higher-harmonic current of a fundamental wave to a drive current. 

[0022] What sets up the amount of the 7th higher-harmonic current poured in by 0.05 to 0.20 times the 
fundamental wave as said 7th higher-harmonic current impregnation means is used for the brushless DC 
motor driving gear of claim 1 2. 

[0023] What has the rotator which comes to embed a permanent magnet inside as said brushless DC motor 
is used for the brushless DC motor driving gear of claim 13. 

[0024] What has the stator of the concentrated-winding mold which coils and comes to carry out the time 
of the direct coil to a tooth part as said brushless DC motor is used for the brushless DC motor driving 
gear of claim 14. 

[0025] that in which the brushless DC motor driving gear of claim 15 has the stator of a 3xN (N is even 
number) slot, and the rotator of a 2xN pole as said brushless DC motor — adopting — a harmonic content 
current impregnation means and a higher-harmonic current impregnation means — replacing with — NxK 
(K is one or more integers) — a current impregnation means to pour in the current which includes the 
higher-harmonic current of degrees other than primary [ **] NxK that the following higher-harmonic noise 
should be reduced is adopted. 

[0026] What has the stator of six slots and the rotator of four poles is used for the brushless DC motor 
driving gear of claim 16 as said brushless DC motor, and what pours in the current which includes the 
higher-harmonic current of degrees other than [ 2 ] primary [ K**] as said current impregnation means 
that the higher-harmonic noise of 2K (K is one or more integers) degree should be reduced is used for it. 
[0027] The brushless DC motor driving gear of claim 17 detects the rotation location of the rotator of a 
brushless DC motor from a motor neutral point signal, and includes further a power control means to 
control a power unit that a drive current should be supplied to a brushless DC motor, from a power unit 
based on the detected rotation location. 

[0028] The brushless DC motor driving gear of claim 18 detects the rotation location of the rotator of a 
brushless DC motor from the stator applied voltage of a brushless DC motor, a motor current, and the 
device constant of a brushless DC motor, and includes further a power control means to control a power 
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unit that a drive current should be supplied to a brushless DC motor, from a power unit based on the 
detected rotation location. 

[0029] What drives the compressor for freezers or the compressor for air conditioners is used for the 

brushless DC motor driving gear of claim 19 as said brushless DC motor. 

[0030] 

[Function] Since the harmonic content current which is not directly related to the degree of the noise 
component used as the candidate for reduction is poured in in driving a brushless DC motor by supplying a 
drive current from a power unit if it is the brushless DC motor drive approach of claim 1 , electromagnetic- 
force vibration and the noise can certainly and fully be reduced. 

[0031] Since the higher-harmonic current of a different degree to the drive current containing the 
harmonic content of a predetermined degree is poured in in driving a brushless DC motor by supplying a 
drive current from a power unit if it is the brushless DC motor drive approach of claim 2, electromagnetic- 
force vibration and the reduction effectiveness of the noise can be heightened. 

[0032] If it is the brushless DC motor drive approach of claim 3, since the degree of said higher-harmonic 
current to pour in is set as at least one degree, the same operation as claim 2 can be attained. 
[0033] Since the 7th higher-harmonic current of a fundamental wave is poured in to a drive current in 
driving a brushless DC motor by supplying a drive current from a power unit if it is the brushless DC motor 
drive approach of claim 4, the 14th noise component can be reduced sharply. 

[0034] If it is the brushless DC motor drive approach of claim 5, since the amount of the 7th higher- 
harmonic current poured in will be set up by 0.05 to 0.20 times the fundamental wave, the same operation 
as claim 4 can be attained. 

[0035] If it is the brushless DC motor drive approach of claim 6, since the rotation location of the rotator 
of a brushless DC motor is detected from a motor neutral point signal and a drive current is supplied to a 
brushless DC motor from a power unit based on the detected rotation location, equipping with the sensor 
for location detection can apply to a difficult application, and also the same operation as any of claim 1 to 
claim 5 they are can be attained. 

[0036] If it is the brushless DC motor drive approach of claim 7, since the rotation location of the rotator 
of a brushless DC motor is detected from the stator applied voltage of a brushless DC motor, a motor 
current, and the device constant of a brushless DC motor and a drive current is supplied to a brushless DC 
motor from a power unit based on the detected rotation location, equipping with the sensor for location 
detection can apply to a difficult application, and also the same operation as any of claim 1 to claim 5 they 
are can be attained. 

[0037] Since the harmonic content current which is not directly related to the degree of the noise 
component which serves as a candidate for reduction with a harmonic content current impregnation means 
is poured in in driving a brushless DC motor by supplying a drive current from a power unit if it is the 
brushless DC motor driving gear of claim 8, electromagnetic-force vibration and the noise can certainly and 
fully be reduced. 

[0038] Since the higher-harmonic current of the degree which changes to the drive current containing the 
harmonic content of a predetermined degree with higher-harmonic current impregnation means is poured in 
in driving a brushless DC motor by supplying a drive current from a power unit if it is the brushless DC 
motor driving gear of claim 9, electromagnetic-force vibration and the reduction effectiveness of the noise 
can be heightened. 

[0039] If it is the brushless DC motor driving gear of claim 10, since the degree of said higher-harmonic 
current to pour in is set as at least one degree, the same operation as claim 9 can be attained. 
[0040] Since the 7th higher-harmonic current of a fundamental wave is poured in to a drive current with a 
7th higher-harmonic current impregnation means in driving a brushless DC motor by supplying a drive 
current from a power unit if it is the brushless DC motor driving gear of claim 11, the 14th noise 
component can be reduced sharply. 

[0041] If it is the brushless DC motor driving gear of claim 12, since what sets up the amount of the 7th 
higher-harmonic current poured in by 0.05 to 0.20 times the fundamental wave as said 7th higher-harmonic 
current impregnation means will be adopted, the same operation as claim 1 1 can be attained. 
[0042] If it is the brushless DC motor driving gear of claim 13, since what has the rotator which comes to 
embed a permanent magnet inside as said brushless DC motor is adopted, low vibration, the reduction in 
the noise, and high torque-ization can be attained, and also the same operation as any of claim 8 to claim 
1 2 they are can be attained. 

[0043] If it is the brushless DC motor driving gear of claim 14, since what has the stator of the 
concentrated-winding mold which coils and comes to carry out the time of the direct coil to a tooth part 



file://C:¥Documents and Settings¥mmckeever¥My Documents¥JPOEn¥JP-A-2003-1 74794.... 1 2/29/2005 



JP-A-2003-174794 Page 7 of 15 

as said brushless DC motor is adopted, low vibration, the reduction in the noise, and high torque-ization 
can be attained, and also the same operation as any of claim 8 to claim 1 0 they are can be attained. 
[0044] If it is the brushless DC motor driving gear of claim 15, as said brushless DC motor What has the 
stator of a 3xN (N is even number) slot and the rotator of a 2xN pole is adopted, a harmonic content 
current impregnation means and a higher-harmonic current impregnation means — replacing with — NxK 
(K is one or more integers), since a current impregnation means to pour in the current which includes the 
higher-harmonic current of degrees other than primary [ **] NxK that the following higher-harmonic noise 
should be reduced is adopted By applying to the brushless DC motor which has the stator of a 3xN slot, 
and the rotator of a 2xN pole, the same operation as claim 14 can be attained. 

[0045] If it is the brushless DC motor driving gear of claim 16, as said brushless DC motor What has the 
stator of six slots and the rotator of four poles is adopted. As said current impregnation means Since what 
pours in the current which includes the higher-harmonic current of degrees other than [ 2 ] primary [ K**] 
that the higher-harmonic noise of 2K (K is one or more integers) degree should be reduced is adopted By 
applying to the brushless DC motor which has the stator of six slots, and the rotator of four poles, the 
same operation as claim 1 5 can be attained. 

[0046] If it is the brushless DC motor driving gear of claim 17, since the rotation location of the rotator of 
a brushless DC motor is detected from a motor neutral point signal and a power-control means control a 
power unit that a drive current should be supplied to a brushless DC motor is further included from a 
power unit based on the detected rotation location, equipping with the sensor for location detection can 
apply to a difficult application, and also the same operation as any of claim 8 to claim 16 they are can be 
attained. 

[0047] If it is the brushless DC motor driving gear of claim 18, the stator applied voltage of a brushless DC 
motor, The rotation location of the rotator of a brushless DC motor is detected from a motor current and 
the device constant of a brushless DC motor. Since a power control means to control a power unit that a 
drive current should be supplied to a brushless DC motor from a power unit based on the detected rotation 
location is included further Equipping with the sensor for location detection can apply to a difficult 
application, and also the same operation as any of claim 8 to claim 16 they are can be attained. 
[0048] If it is the brushless DC motor driving gear of claim 19, since what drives the compressor for 
freezers or the compressor for air conditioners is adopted as said brushless DC motor, the noise which 
originates in the electromagnetic force of a brushless DC motor, and is generated from a compressor can 
be reduced sharply, and also the same operation as any of claim 1 to claim 18 they are can be attained. 
[0049] 

[Embodiment of the Invention] Hereafter, with reference to an accompanying drawing, the mode of 
operation of the brushless DC motor drive approach of this invention and its equipment is explained to a 
detail. 

[0050] Drawing 1 is the schematic diagram showing one embodiment of the brushless DC motor driving 
gear of this invention. 

[0051] The power unit 1 with which this brushless DC motor driving gear contains DC-power-supply 1a 
and three phase inverter circuit 1b, The brushless DC motor 2 with which a drive current is supplied from 
three phase inverter circuit 1b, The sensor loess location detector 3 which detects the rotation location of 
the rotator of a brushless DC motor 2 by considering the drive current for two phases as an input, The 
PWM generating circuit 4 which outputs an PWM control signal in order to perform an PWM control 
operation and to carry out PWM actuation of the three phase inverter circuit 1b by considering as an input 
the location detecting signal outputted from the sensor loess location detector 3, It has the higher- 
harmonic injection circuit 5 which pours in a harmonic content current by considering as an input the 
location detecting signal outputted from the sensor loess location detector 3. 

[0052] In addition, it is possible to adopt what performs the operation using what replaces with said sensor 
loess location detector 3, detects the induced voltage of what detects a rotation location using sensors, 
such as a rotary encoder, and a brushless DC motor 2, and detects a rotation location from a detection 
electrical potential difference, the drive current of a brushless DC motor 2, and an electrical potential 
difference, and detects a rotation location. 

[0053] While said three phase inverter circuit 1b switches direct current voltage by the switching element, 
impresses it to a brushless DC motor 2, detects the rotation location of a rotator by the location detecting 
signal and changes energization of a brushless DC motor 2, it carries out PWM control of the switching 
element, and drives a brushless DC motor 2. 

[0054] Said PWM generating circuit 4 outputs an PWM control signal so that it may carry out PWM 
actuation of the three phase inverter circuit 1b on the basis of a location detecting signal by considering a 
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location detecting signal as an input, and it supplies it to the switching element of three phase inverter 
circuit 1b. 

[0055] Said higher-harmonic injection circuit 5 pours in the single which does not contain the harmonic 
content of the degree which not necessarily corresponds, and the corresponding harmonic content of the 
primary [ **] degree, or the motor current of the harmonic content of two or more degrees to the higher- 
harmonic noise component of a degree to reduce. Here, the primary component is a fundamental-wave 
frequency component which drives a brushless DC motor. Therefore, in said higher-harmonic injection 
circuit 5, it can answer that the degree of a higher-harmonic oscillating component to reduce was set up, 
and the motor current of the harmonic content of the above-mentioned degree can be poured in. 
[0056] The operation of the brushless DC motor driving gear of the above-mentioned configuration is as 
follows. 

[0057] The sensor loess location detector 3 detects the rotation location of the rotator of a brushless DC 
motor 2. Generate an PWM control signal by the PWM generating circuit 4 which considers the location 
detecting signal from the sensor loess location detector 3 as an input, and three phase inverter circuit 1b 
is supplied. In controlling the drive current supplied to a brushless DC motor 2 The signal for pouring in the 
higher-harmonic current component of a degree which is not directly [ the higher-harmonic noise 
component which it is going to reduce, and ] related from the higher-harmonic injection circuit 5 can be 
supplied to the PWM generating circuit 4. The noise and vibration of a brushless DC motor 2 can certainly 
and fully be reduced by the poured-in higher-harmonic-wave current component. 
[0058] Furthermore, it explains. 

[0059] About the relation between the electromagnetic force of a brushless DC motor, and the noise, it is 
not dependent on a pole, and is dependent on the frequency of a drive current (or driver voltage), 2xn 
times as many harmonic content as this occurs (in addition, f is refer to drawing 2 and fundamental 
frequency which is drive frequency), and the frequency component of the electromagnetic force of a 
brushless DC motor 2 is superimposed on the harmonic content for which it depended on the motor 
configuration at this. For example, when there are 12 slots per game of a stator, it is superimposed on the 
12xKth harmonic content. Here, n and K are positive integers. 

[0060] And such harmonic content serves as vibration and noise, and is emitted from a brushless DC 
motor. 

[0061] And for example, using a sinusoidal PWM wave, by pouring in the current of the 5th harmonic 
content, as shown in (a) among drawing 3 , the 10th higher-harmonic noise component can be reduced to 
the component of the primary fundamental wave. Here, if the 5th higher-harmonic current component is 
made to increase, the 2.5dBA fall of the 1 0th higher-harmonic noise component can be carried out. 
[0062] In addition, in order to reduce the 10th higher-harmonic noise component conventionally, it was 
thought that what is necessary was just to pour in the 10th higher-harmonic current component 
[ primary / **]. However, when only the 1 1th higher-harmonic current component was poured in, as shown 
in (b) among drawing 3 , it turned out that the 10th higher-harmonic noise component increases. This is 
considered to be because for the 1 1th motor electromagnetic force [ primary / **] to contribute to the 
noise directly, consequently for the 10th higher-harmonic noise component to increase. 
[0063] Moreover, using a sinusoidal PWM wave, to the component of the primary fundamental wave, by 
pouring in the current of the 5th harmonic content [ 7th ], as shown in (a) among drawing 4 , the 8th 
higher-harmonic noise component can be reduced. Here, if the 5th higher-harmonic current component 
[ 7th ] is made to increase, 5dBA fall of the 8th higher-harmonic noise component can be carried out. 
[0064] In addition, when only the 5th higher-harmonic current component [ 7th ] is poured in, as shown in 
(b) and (c) among drawing 4 , it turns out that the 8th higher-harmonic noise component does not fall, or it 
increases. While being because the 5th higher-harmonic current component does not contribute this to the 
8th higher-harmonic noise component directly, consequently the 8th higher-harmonic noise component 
does not fall, it is thought that it is because the 7th motor electromagnetic force [ primary / **] 
contributes to the noise directly, consequently the 8th higher-harmonic noise component increases. 
[0065] If it puts in another way, pouring in the higher-harmonic current component of the degree which 
motor electromagnetic force contributes to the noise directly to the higher-harmonic noise component of a 
degree to reduce will tend to make the noise increased. 

[0066] In addition, the axis of abscissa in drawing 3 and drawing 4 is a rate of a higher-harmonic current 
ratio (= each higher-harmonic current component / fundamental-wave current component), and axes of 
ordinate are 10f sound (10th higher-harmonic noise component) and 8f sound (8th higher-harmonic noise 
component), respectively. 

[0067] Furthermore, if the 7th higher-harmonic current component is poured in by the higher-harmonic 
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injection circuit 5, the 14th higher-harmonic noise component can be reduced sharply (they are 15dBA(s) 
at the maximum). Here, since the 14th higher-harmonic noise component changes according to the 7th 
rate of a higher-harmonic current ratio as shown in drawing 5 , it is [ that what is necessary is just to set 
the 7th rate of a higher-harmonic current ratio as 0.05-0.20 ] more desirable [ a component ] to set it as 
0.10-0.15. 

[0068] Thus, the 14th higher-harmonic noise component is reduced by reducing the 14th higher-harmonic 
noise component, since especially the 14th higher-harmonic noise component is large as a result of 
measuring the sound spectrum at the time of compressor operation because the noise as the whole 
compressor can be reduced. 

[0069] Said brushless DC motor 2 is divided roughly into the thing (refer to drawing 7 ) which comes to 
equip a permanent magnet on the surface of a rotator, and the thing (refer to drawing 8 ) which comes to 
embed a permanent magnet to the interior of a rotator. Since it becomes easy to concentrate 
electromagnetic force on a part of rotator front face among these when the brushless DC motor of the 
latter configuration is adopted, vibration and the noise of a brushless DC motor become large. Therefore, 
the effectiveness of reducing a higher-harmonic exciting-force component becomes still larger by pouring 
in a single or the motor current of the harmonic content of two or more degrees. 

[0070] Moreover, when the brushless DC motor of the latter configuration is adopted, not only the magnet 
torque by the permanent magnet but the reluctance torque using the magnetic flux which flows to the iron 
core on the front face of a rotator can be used together. 

[0071] Therefore, a brushless DC motor 2 can be driven with low vibration, the low noise, and high torque. 
If it puts in another way, a heavy load can be driven in low vibration and the low noise. 
[0072] Moreover, said brushless DC motor 2 is divided roughly into the thing (refer to drawing 10 ) which 
carries out the distributed winding of the coil to the tooth part of a stator, and concentrated-winding- 
comes to become it (refer to drawing 9 X Since a coil is coiled around a direct tooth part about among 
these when the brushless DC motor of the latter configuration is adopted, compared with the stator which 
gives a distributed winding, a wirewound resistor becomes small, and copper loss decreases and it becomes 
efficient. However, in order that a coil may concentrate on one stator tooth part, electromagnetic force will 
also be concentrated, and the noise and vibration will increase. Therefore, the effectiveness of reducing a 
higher-harmonic exciting-force component becomes still larger by pouring in a single or the motor current 
of the harmonic content of two or more degrees. 

[0073] Therefore, when the brushless DC motor of the latter configuration's adopted, a brushless DC 
motor can be driven in efficient and the low noise. 

[0074] in addition, the thing the pole of 3xN (N is even number) and a rotator is set [ a thing ] as 2xN for 
the number of slots of a stator in the brushless DC motor of the above-mentioned concentrated winding - 
- possible — in this case — NxK (K is one or more integers) — a brushless DC motor can be driven in 
efficient and the low noise by pouring in the current in which higher-harmonic current components other 
than primary [ **] NxK are contained that the following higher-harmonic noise should be reduced. 
[0075] A brushless DC motor can be driven in efficient and the low noise by pouring in the current in which 
higher-harmonic current components other than primary [ 2xK**] are contained that the pole of 6 and a 
rotator should be set as 4 for the number of slots of a stator, and the 2xKth higher-harmonic noise should 
specifically be reduced. 

[0076] Drawing 1 1 is the electrical diagram showing an example of the configuration of the sensor loess 
location detector 3. 

[0077] the difference which this sensor loess location detector 3 connects resistance 2b by which Y 
connection was carried out to stator-winding 2a by which Y connection was carried out at juxtaposition, 
and considers the neutral point electrical potential difference VN of stator-winding 2a, and the neutral 
point electrical potential difference VM of resistance 2b as an input — amplifier 3a and difference — it has 
integrator 3b which considers the output signal from amplifier 3a as an input, and zero cross comparator 3c 
which considers the output signal from integrator 3b as an input (refer to JP,7-337079,A). In addition, the 
output signal from zero cross comparator 3c is a location detecting signal. 

[0078] In drawing 1 1 , a microcomputer 6 attains an operation of the PWM generating circuit 4 and the 
higher-harmonic injection circuit 5, and also can attain other well-known operations conventionally. 
Moreover, the base drive circuit 7 outputs the signal which can actually switch a switching element by 
considering the switching signal outputted from a microcomputer 6 as an input. 

[0079] Since location detection is performed based on potential fluctuation of the motor neutral point when 
the sensor loess location detector 3 of the above-mentioned configuration is adopted, it is not influenced 
at the energization period impressed to a brushless DC motor, location detection of all 180-degree 
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sections is attained theoretically, as a result 180 degrees of all phases can be controlled. 

[0080] Moreover, when using a brushless DC motor by an elevated-temperature hyperbaric atmosphere 

etc., since the sensor is unnecessary, cheaply, highly reliable motor location detection can be performed 

and a brushless DC motor can be driven that there is nothing inconvenient in any way. 

[0081] Furthermore, since it becomes unnecessary to restrict the energization period of the current 

supplied to a brushless DC motor, sinusoidal energization is attained and it can contribute to efficient- 

ization of a brushless DC motor. 

[0082] Since concomitant use with magnet torque and reluctance torque is attained, motorised [ still more 
efficient ] becomes possible, since it becomes controllable [ which advances a current phase freely ] 
further again, and it weakens and magnetic-flux control can also be performed, expansion of the operating 
range of a brushless DC motor can be attained. 

[0083] Drawing 12 is the block diagram showing other examples of the configuration of the sensor loess 
location detector 3. In addition, the part for controlling the three phase inverter circuit 2 is also shown in 
drawing 12 . 

[0084] The current detecting element 31 to which this sensor loess location detector 3 detects a motor 
current, The electrical-potential-difference detecting element 32 which detects a motor electrical potential 
difference, and the location and speed detector 33 which output the rotation location of a rotator, and the 
rotational speed of a rotator using the mathematical model of the motor which considers a motor current 
and a motor electrical potential difference as an input, and it has inside, The speed-control section 34 
which performs a speed-control operation by considering rotational speed which is given from the outside, 
and which was outputted [ which were outputted and it was rate-ordered ] as an input, and outputs a 
current command, The phase control section 35 which performs a phase control operation by considering 
the phase command and current command which are given from the outside as an input, A current control 
operation is performed by considering the rotation location of the output signal from the phase control 
section 35, a motor current, and a rotator as an input, and it has the current control section 36 which 
outputs an electrical-potential-difference command and is supplied to three phase inverter circuit 1b. 
[0085] In addition, in drawing 12 , AC power supply one a1, the rectifier circuit one a2, and the smoothing 
capacitor one a3 constitute DC-power-supply 1a. 

[0086] When the sensor loess location detector 3 of the above-mentioned configuration is adopted, the 
rotation location of a rotator and the rotational speed of a rotator can be identified using the mathematical 
model of a motor according to the presumed current calculated based on an estimated position and 
presumed speed electromotive force, and the motor current which is actually flowing (T.IEE Japan besides 
"sensor loess brushless DC motor control based on a current presumption error", and Takeshita, Vol.1 15- 
D, No.4, '95 reference). 

[0087] Moreover, in the case of a brushless DC motor with a saliency, since a coil inductance changes with 
the rotation locations of a rotator, location presumption becomes difficult, but location presumption is 
attained by extending the mathematical model of a motor to a salient pole mold motor (T.IEEJapan besides 
"sensor loess salient pole form brushless DC motor control based on speed-electromotive-force 
presumption", and Takeshita, Vol.1 17-D, No.1, '97 reference). 

[0088] This sensor loess location detector is not influenced at the energization period impressed to a 
brushless DC motor, but the location detection of all 180-degree sections of it is attained theoretically, as 
a result it can control 1 80 degrees of all phases. 

[0089] Moreover, when using a brushless DC motor by an elevated-temperature hyperbaric atmosphere 
etc., since the sensor is unnecessary, cheaply, highly reliable motor location detection can be performed 
and a brushless DC motor can be driven that there is nothing inconvenient in any way. 
[0090] Furthermore, since it becomes unnecessary to carry out the sine of the energization period of the 
current supplied to a brushless DC motor, sinusoidal energization is attained and it can contribute to 
efficient-ization of a brushless DC motor. 

[0091] Since concomitant use with magnet torque and reluctance torque is attained, motorised [ still more 
efficient ] becomes possible, since it becomes controllable [ which advances a current phase freely ] 
further again, and it weakens and magnetic-flux control can also be performed, expansion of the operating 
range of a brushless DC motor can be attained. 

[0092] Furthermore, since momentary location presumption under motor operation is theoretically possible, 
an exact higher-harmonic current can be poured in and the reduction in vibration and low noise-ization can 
be attained further. 

[0093] The case where the compressor for refrigerators or the compressor for air-conditioning machines is 
driven with the brushless DC motor driven as mentioned above is considered. 
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[0094] The compressor for refrigerators or the compressor for air-conditioning machines consists of 
various kinds of members, and the loud noise (protrusion sound) is generated because the natural 
frequency of those members causes the harmonic content of the electromagnetic force of a brushless DC 
motor, and resonance. However, the noise which originates in the electromagnetic force of a brushless DC 
motor, and is generated from a compressor can be sharply reduced by driving a brushless DC motor using 
the above-mentioned embodiment. 

[0095] In specifically driving the compressor which the 14th higher-harmonic noise component has 
generated, as shown in drawing 13 , by pouring in the 7th higher-harmonic current component and driving a 
brushless DC motor, as shown in drawing 14 , the 14th higher-harmonic noise component can be reduced 
sharply. 
[0096] 

[Effect of the Invention] Invention of claim 1 does so the characteristic effectiveness that 
electromagnetic-force vibration and the noise can certainly and fully be reduced. 

[0097] Invention of claim 2 does so the characteristic effectiveness that electromagnetic-force vibration 
and the reduction effectiveness of the noise can be heightened. 
[0098] Invention of claim 3 does so the same effectiveness as claim 2. 

[0099] Invention of claim 4 does so the characteristic effectiveness that the 14th noise component can be 
reduced sharply. 

[0100] Invention of claim 5 does so the same effectiveness as claim 4. 

[0101] Equipping with the sensor for location detection can apply invention of claim 6 to a difficult 

application, and also it does so the same effectiveness as any of claim 1 to claim 5 they are. 

[0102] Equipping with the sensor for location detection can apply invention of claim 7 to a difficult 

application, and also it does so the same effectiveness as any of claim 1 to claim 5 they are. 

[0103] Invention of claim 8 does so the characteristic effectiveness that electromagnetic-force vibration 

and the noise can certainly and fully be reduced. 

[0104] Invention of claim 9 does so the characteristic effectiveness that electromagnetic-force vibration 
and the reduction effectiveness of the noise can be heightened. 
[0105] Invention of claim 10 does so the same effectiveness as claim 9. 

[0106] Invention of claim 1 1 does so the characteristic effectiveness that the 14th noise component can 
be reduced sharply. 

[0107] Invention of claim 12 does so the same effectiveness as claim 1 1. 

[0108] Invention of claim 13 can attain low vibration, the reduction in the noise, and high torque-ization, 
and also does so the same effectiveness as any of claim 8 to claim 1 2 they are. 

[0109] Invention of claim 14 can attain low vibration, the reduction in the noise, and high torque-ization, 
and also does so the same effectiveness as any of claim 8 to claim 10 they are. 

[01 10] Invention of claim 15 does so the same effectiveness as claim 14 by applying to the brushless DC 
motor which has the stator of a 3xN slot, and the rotator of a 2xN pole. 

[01 1 1] Invention of claim 16 does so the same effectiveness as claim 15 by applying to the brushless DC 
motor which has the stator of six slots, and the rotator of four poles. 

[01 12] Equipping with the sensor for location detection can apply invention of claim 17 to a difficult 

application, and also it does so the same effectiveness as any of claim 8 to claim 1 6 they are. 

[01 13] Equipping with the sensor for location detection can apply invention of claim 18 to a difficult 

application, and also it does so the same effectiveness as any of claim 8 to claim 1 6 they are. 

[01 14] Invention of claim 19 can reduce sharply the noise which originates in the electromagnetic force of 

a brushless DC motor, and is generated from a compressor, and also does so the same effectiveness as 

any of claim 1 to claim 1 8 they are. 

[Translation done.] 
* NOTICES * 

JP0 and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing one embodiment of the brushless DC motor driving gear of 
this invention. 

[Drawing 2] It is drawing explaining the harmonic content of the electromagnetic force generated in a 
brushless DC motor. 

[Drawing 3] It is drawing showing change of the 10th higher-harmonic oscillating component to the rate of 
a higher-harmonic current ratio of the 5th 11th higher-harmonic current. 

[Drawing 4] It is drawing showing change of the 8th higher-harmonic oscillating component to the rate of a 
higher-harmonic current ratio of the 5th 7th higher-harmonic current and the 5th 7th higher-harmonic 
current. 

[Drawing 5] It is drawing showing change of the 14th higher-harmonic oscillating component to the rate of 
a higher-harmonic current ratio of a 7th higher-harmonic current. 

[Drawing 6] It is drawing showing an example of the sound spectrum at the time of compressor operation. 
[Drawing 7] It is drawing showing the configuration and electromagnetic-force vector of a brushless DC 
motor of surface magnet structure. 

[Drawing 8] It is drawing showing the configuration and electromagnetic-force vector of a brushless DC 
motor of embedding magnet structure. 

[Drawing 9] It is drawing showing electromagnetic-force vector distribution of a distributed-winding 
brushless DC motor. 

[Drawing 10] It is drawing showing electromagnetic-force vector distribution of a concentrated-winding 
brushless DC motor. 

[Drawing 1 1] It is the electrical diagram showing the sensor loess location detector using a motor neutral 
point signal. 

[Drawing 12] It is the block diagram showing the sensor loess location detector using the mathematical 
model of a motor. 

[Drawing 13] It is drawing showing the sound spectrum of the compressor when not pouring in a 7th 
higher-harmonic current. 

[Drawing 14] It is drawing showing the sound spectrum of the compressor at the time of pouring in a 7th 
higher-harmonic current. 
[Description of Notations] 

1b Three phase inverter circuit 2 Brushless DC motor 

3a difference — amplifier 3b Integrator 

3c Zero cross comparator 6 Microcomputer 

5 Higher-Harmonic Injection Circuit 33 Location and Speed Detector 
34 Speed-Control Section 35 Position Control Section 
36 Power Control Section 
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&.m&mm^K. <* o @$^©ftg£8Hj«siKrtfctfii'-c 
* - * ©EtwramrocMs i, r * - * l . 

C ©jif£©&fe$*£© J:l<> £ S ©EPJJDflEEKtaS-r s& 
^s#-> {mBE (PWM) IrtftrROM 
KiBtSU MBBBtCfc!). -e©ROM©jgy£>"C£-> 
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A 

W?h£*><£.h-tc*:-~5«»'ffl®l5& (1$B§2 0 0 0-4 
5 7 8 3 ^SM) . *s ( d ) amfgS6KP^©«« 1 
20* *>6180* ©Rg©*-f S>y£tfcm-r&*-f 5 

±Th5>s;x*f¥£. jty-Yv^itxtmb^ 
W. ±IBji«gS!jEM©«lS 1 2 0* *>6 1 8 0* © 
10 HI. V7 hPWMHS8©^> • a -£&*tc^ 

8?©:*> • 7^-^-£&*ccTtf-ram-rs<fc5«c 

W^vi'UXDC'tr-^fgg&lHlSS mWV-l 0-6 
63 75^?g) . 

[0 007] ±fBS£*©#5£ ( a ) - (d ) it. Bet • 
xm&fZ^m in (nttiE©gifc) 3M>ffl£ • &«M$ 

n ± i ,x<DTi5wm.nmzm&-? 

[0008] 

[»»WiHfcOJ:5 i-T^PKgl] • fgl&©MHCC& 

*j*^b/c«^«c«, aA-rsmss(4ffl^iii«{4g©^ 
[0009] mswjiittfiS^. */c« h^u^ ^u©m 

bfciS^U:«. ^■T'&m^«iS^»©^«rS:/J^-r 
-SCiH^i'^pIfg'C&O. ffe©m^iftSiig^«:fe^ 

[0010] 

40 fcfe©-C$>t5. mM^JiHftte^C/^^PiUK. 

^{Cigji-r C i ifiX H -5 75 v- U X D c *- zmbii 

[0011] 

C <t SCO: 13 75 ^ U X D C ^ zmW}-? Z> ic^tc -> 

[ooi2] m^mzo^^u^^c^-^mmnm 
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[0013] m^3<D7?isUADC*:~ZmVffim 

[0015] B»*3H5©^7^UXDC*-^ffi«C&ffi 
^Sn&7^(DlWIB««»O**S2HftO0. 0 

[0016] nnaae<Dzf?is\sXDc*~*wttjm 

[0017] M#fl7®:792'UXDC*~#Bl(0H£ 

ixXDc*-*<oHiB?oBiEfl[«*«kfflL. ^msn 

[0018] »«3B8©^^UXDC*-^KttK» 

[0019] W*3B9<D^^UXDC*-^«E««ai 

l/XDC*-3»*B»tSt>©r*ot, SfS^CttOiR 
P^^^^tf|g«jmSSW:*f Ut Aft &&B<DttMft« 

[0020] nnosi oo^^i/XDc*-$i»g 

[002 1] m#mi l<D-7?isl>XDC*:-Zm$b1& 

st i/ r s^cd 7 *©WHi«w**ttA"r * 7 xmrnm 

[0 02 2 ] »3R3B1 2©^$/UXDC*:--*ffi«bSt 
■IS. «fK7^*B«W6ffiA*SiUr k &A£ft& 

i<x<Dnm®.mm<D&*m*m<Do. 05-0. 20s 
kh^* tossflj-rs few 

[0 02 3] »JK«1 SiD^^UXDC-fc-^IBttR 

;&£*itf>& a,-c ft £ iefwr * t & & cd 
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[0 0 2 4] BW&Bl 4<D:7^U*DC*~#Sga&£§ 

[0 02 5] fi*3@l 5<D^^UXDC^-^IES&^ 
BK. fr8B^^UXDC*-*iUT % 3XN (Ntt 

at>©*Rfflu m^0««&a^& MftBtt 

£A^g:frcft*.T, nxk (Ktii«±coH^) ftoff 

10 pfi^^^ffi^-r^ < n x k ± 1 'X\&ft<D'X&<Dnmm 

««*$to««*^T*«»ttA*«*8»r * 
[0 026] ftJRJSl 6©y7S/MDM-^ltt» 

m^aA^©i LT % 2 K (K« 1 K±©»») #C©W 

«aws*is»-i-^ < 2 k ± 1 *jiaji-©^«©wwft« 

[0 027] 19*® 1 7©:/5$/l/*DC*-*IHttSS 

20 mz, ^-^^tt^fi-^^^^u^Dc^-^oii 
tW»l*6^7 ^i/XDC^e-^ fclgibflift£fftl& 

[0 028] ffsRBl 8<D:/^UXDC*-£lgft£& 

b». zf^zsuxDc^-zcomm+wmmKs 

[0 029] aWBBl 9CT>^*xU^DC^e-^|g»S 
[0 030] 

40 5K^»<D^»Ccfi«PB^0ftOiSSr«^liSS*a 

[0 03 1 ] §f3j^2CD^7^U^DC*-^ffit6^ffi 
BBia»6BIMB*0H^Se&<c£Q 

©*B«ttSS^**«fB«Wi«6K:» LTgft «%Sk0ftB 
[0 0 3 2 ] lf*S3<D^^^UXDC^-^ffi8te&ffi 

50 lW2^^**W»K»o^«d>tt< 



7 

ffifflftjejs-r * c t **-c* . 

[0 03 3] »#JH4©:/5^UXDC*-*ffi»#ffi 

[0 034] 5 <D7~ris ^DCt- ^BM6*j£ 

0. 0 5-0. 2 0»*cK5i-r4©'C*S^6, 
[0 03 5] 8»«3B6<D^^^U^DC^e-^re»*ffi 

[0 03 6] ft*lI7(D^^U^DC*-^|g«fc&ffi 

[003 7] M^SO^t'UXDC^-frKttiSB 
[0 0 3 8 ] WSOlQO^^t/UXDC-t-^lgiBgSB 
[0 0 3 9 ] »3j8Hl OO^VUXDC^-^igS&S 

©f^ffl * maar * c t #r * * o 

[0 04 0] »3c81 l©^J/U*DC*-*lgitt« 
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7 ^©wsawiftsaA-r a * a e % 14 

[0 04 1] fl»#JSl 2CD^^^UXDC^:-^|ga6^ 
$ ti Z> 7 ^<DiSiS»SS£<Dfi*S>Rg(D 0 . 0 5-0. 

[0 04 2 ] 3<D:/^UXDC*:~*IBtt§£ 
[0 04 3] ff^Sl 4©:/^>UXDC*-*8g8&g 

[0 044] S»*51 5^7i/l/XDC*-^B»iS 
tWB^^U* DC-fc-^UT, 3XN 
(Ntt«») xa? h<D@^*5j:a ff 2xNffi<OiaK-? 

&mffi&A3M£K:tt;iT, nxk (k»1£*±©ih»> 

< N x K ± 1 ^C£a^D%fta> 

[0 04 5] swan eb^t/u^.DC^e-^igtt* 

U tlK«lEaA*«il/r, 2K <KfcUJSUi<Z*E 

«) &©iim«*mr*< < 2 k ± i xim&xm 

[0 04 6 ] fflWSBl TtD^i/l/^DC^-^UIlS 
■r*tltf. *-^*Mf^6^7Vl/XDC*- 

n&ffii(can < r i c & M3&B8«»& 

50 
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[0 04 7 ] t»#Sl 8CO^^UXDC^-^|ga&^ 

d c * (ciEstis^4ft*&t- ^ < sa»s«M«rr £ 
*afiW*c<fc^r*5. io 

[0 04 8] ffig&Kl 9(D:/^>>UXDC*-£lg»>^ 
[0 04 9] 

*98CD^^Sxu^DC*-*|g«!*te*5j:af*©St{B© 20 
3S»(DJB«**iliCcK|l|TS. 
[0 0501 ^1 ttCCDl^WCO^^UXDC^r-^lg 

[0 0 5 1 ] CCO^^^UXDC^-^lgttS^^v ifi 
1 a iHffl^ ^@B8 1 b «fc*£t*«S»« 

S^>U^DC^^2i, 2fB#<Dfgl&1I^£A;ft 

uiaK3^6a*3ns«ii[mftffl«#*A*ibrpw 30 

ff$i*£-<< PWMflNMS#«UAr&PWM»£BK 
[0 0521 WffiH2>1f UX&B«Sm@853tC« 

fir**. 

[0 05 3] WE=«V 1 b B, jUBttBE 

S?r^tBUr^^^UXDC^-^2(Dilti^D^ 

D C * - * 2 4 IBM *T & fc CD r & *> . 
[0 054] MI2P WM%£[p]&S4 {4S*&fflfI-5f * 
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BB1 b*PWM*ffS*4^< PWM«tllPfi#*ffl* 
?Z>t><DV$>Z> 0 

[0 05 5] irBniW£ABK5«. m&Utci,>X& 
1IiS£aAT£fc<Dr&£ 0 CCT\ l^COflcdttt, 

[0 05 6 ] ±IB©»JiR©^^UXDC*-^IBttSS 
SOfPffl «&CD £ * 9 r * * . 

[0 05 7 ] ^^^U^DC*-df 2©@K-^©EB£fl[ 

M»SHK4cc PWMiwai«#*«^or=«-<> 
P WMI^HK 4 KflB&TSC gEALfciSIH 

[0058] zt^cmwrZo 

[0 05 9 ] 7^^\sXDC*:-Z<Dnffij]tm^±<D 

ttto, ^7^uxDc^^^e>M?n^ 0 
[0061] ^ur, iEmRPWMffi&&mi<> 

taEA"r^CiCc<fcO, H3* (a) Cc^-ri^Cc, 1 

[0062] %*t* 1 o&<Dmtmm : &f&ft&i& 
m-r&tc&taz, iQ,x±i*x<Dmffl&nm&fr$:&A 
•rn^i^sbntu/co t/*u 1 i x x<ommmm 
w^m>&%i£Kottm&ickt. 03cj3 (b) ^-rj: 
^ cc , 10 ^(Dimtt^j^^imn-r « c i 3&s»* o 
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it. ctm. 1 i&± i&©*-**tta#B««ci» 

I'XOW&KttisX. 5#, 7 'X&mi}8Lft<D'mm.*&. 

mm^m.^ 5 d b asts c & #-e# 

[•0 0 6 4] &*. 5 2c. *fc«7^©]S3i«afitoK^ 
4>»€&Atsfc*§fr(ct*. 04* (b) (c) tent** 

tJMsrr-2>Ci#i#rt>-2>„ Ctiti, 5&©ii5S9j£S8£l£# 
^«8^©aMWMKfJaE»«:»^'tf-J*. C©*&H. 8 
^©Ig^^/S^tiffiTL/^^*' £ £ 

7;^± i&©*-*m^#iE&Kiiwfc3F#u c© 
asm, 8^©ia^^^^ifj]n-r.s*'6r*-s<!:S 

[0065] Kama. m&L-rt^x&omwimm^ 
c£&cfto-?>-r<.>. 

[0 066] ft*. H 3 . 04 CC*tt&mfti*KMM 
Sett* ( = SlSSKS«jSfiS^/S2RgSSfefi!5«-) TNfc 

*k jeetttt-ett-eti loft (i o»c©?afSi«HWfijc 

») . 8ff (8%(DMNI»f«0) -e*S. 
[0 067] 36«c. iSI8?fiaA@K5{C«tor7^© 
!S^iS*^fiS^*aATtx«. 1 4^©Wi8jK»&fiS^ 
t*M(C (fe*CCl 5 dBA) ffia$T&C£#s-CSS„ 

cc-c, 14 &©i5iSiSW&/&fl-tt. 0 5 icm? «fc 5 
fc v 7^©»p|?^«^j:b^{cjct;D-r^{b-rs©-c > 7* 
©»ia«smk^*o. o5~o. 20tc^-rn««fc 

<. 0. 10-0. 1 5K:^T5Ci*5J:«55T3;L 
[0068] C©<t 5 «C 1 4%(DARIifiH«JlK»«eiK 
*. 14^©WWRKffsS»*»K:^:*i»ci36a/6. 1 

[0 0 6 9 ] ftiia:/^->UXDC*-$2«. DIET© 
9ifflCc*^SBfE*«»l/"Ctt*fc© (07#M) £> @ 

^©rtswc^affiisaw^rarsfe© (08# 
m itc^gijstxs. cne.©^%, &3©flte&©:/^ 

*©JSi& • < ft*. ZCDtttb, bl>< 

[0 07 0] S/t. atO^CD^J/l/ZDC*-* 
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*SUBUfc»£K:Wt. *&*EKJ:SSBEhA'*©*«t 

[0071] L/fcAJor. i&mm • <ans#. h >\> 

[0 072] frlB7'7->UXDC*-^2tt > H 

5e*©ll«tt:^**MB*l/Cfc*fe© (09 #180 
10 £. *l>*l/ra:4t>© (SI 0#M) tKASiJSti 

s. cne>©5*>. a«©awi©^s/uxDc*-5r 

aasarr* c£tc«ts. -e-©fcjsf>. *> i, < a&& 
©&*©*wsjss»©*- * «»*ffiA-r * c t k. «fc 

20 [0 07 3] Lfc#i->T, Stf©*^7i'U^DC 

i/ u x d c * *mw>-r z c i *5-c # 5 . 

[0 07 4] ±iB©HI4M§©:/5->UXDC*- 

tt) . H<s^«*2xN«cK^sc£#ranfrc* 

•3. C©*i^{C« v NXK (Kttl«±©88») &©* 
&<m?"< < . NXK+1 »cjeW©iSS3j6«SK 

*>o{6^^t? ^ ^ f U X D C * - 5? &MMT i> C t &~C 
30 £3. 

[0 075] UttfcJtCtt. H5£^©XI3 y h»*6, H 
fe^©«i^* 4 {ts9:5£ 0. 2 x K^©WIBiKS«*fi« 

< . 2 x k ± i •Aim<Dmv%mmmmft&& 

[00761 01 l«H2>1^UXfi[S^ffiIlSS3(D«fig 
[0 07 7] C©-fe>-yuxfigt^tBlHlS83(3:. Y^*i 
40 @^#^2 &<Dtp\&&M!£V.tffln2 b© 

*14^sbev. i * \j] 1 1 zmntmrn 3ai. ^ 

ffipiS3 a*6©{U*M#*A^<!:T*S^S3 bi, 
«^3 b*>i=>©m*fi^ ; &A^<t-r-5.-fe'a^ax3> 
AU-$3c£4Wltl->5 (W7-33707 9 

©m^m#*5fitg^ffift^-C* 
[007 8] 01 l(C*Jl^r, v^n>6«, PWMIE 
^@SS4 > *JJ:a*iSIS«aAlHl885©^^5^S-rSa 
*\ S£*^ftl©ffe©{^?:^ET^Ci*5-C#St©r 
50 $>S„ */c. ^-XjiBM5l|S7«. -^n>6#>e.tWJ 
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[0079] ±fB<D«^S<D-fe>1fUXfi[^tmplK3 £ 

XO&m&m&njmtte*), OC»tttl8 0' ±X<Dfa 
[0 08 0 ] */c, ^^^UXDC*-dr*WailfEEat 10 

[008 1 ]£6CC. :795/UXDC*--*R:«|&'rS 

[ 0 0 8 3 ] m 1 2 K-i2>^UXfiB^mi5I^3<D^ 
[0 0 8 4] C©-fe>1M/^ffi{KttUilslB3tt v 

*tf ^fita*»jai5P3 5 <b, mmn^zbfrh<DWim 

[0 08 5 ] ft*** 0 1 2 CC*5C>T», £8HUK 1 a 40 
1, fiiftlSBgl a2fc<J:0'^Vf3>f r >1f 1 a3 0Cj:!3 

agnail a*«wjor^*. 

[0 08 6 ] ±ie©«J3E<D-fe>1^ U^ffia«lttJ0IS3 £ 

® J , WTffi, T. IEE Japan, Vol. 11 
5-D. No. 4, ' 9 5#M) . 50 
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[0 08 7] »^^7^l^XDC^^ 

B-fvtslsXDC^-ZMWU . fTFfH T. I EE J 
apan, Vol. 1 17-D, No. 1. ' 9 7# 
JH) • 

[008 8] C<D^y^U^&m^k\h^\mt. 7visl> 
IWtctt 18 0° Km±X(DixLm^kti\^^ <h & 0 , z> 
[0 08 9] ^/c, :/^U*DC*-**iKfi]Rffi!B 

[0 09 0] S&(C, ^^UXDC*- 

[0091] ?6cc^/c. swai 

C ^ - # © *Rtffl©a^:*ilJsW- £ C t ifix * & . 
[0 09 2] ?6{C, JOTIW«:*-4raWE*<OBII*Dtt 

[0 093 ] ±IBOJ:5CC0rffittSn4^S/UXD 

[0094] ttmmm<DBEffi&. *itasnmmosM 

t&X%*> 0 

[0095] JMt«JCC«\ m 1 3 lCmT£ *> tfC 1 4 X<D 

mffim&^f£ft&&&vxi,>zEEffimzmm?2>tc%tc 
-?r. 7^©iS^mtoS^aAbT^^uxDC 

[0096] 

[0097] lt*«20%i»«. «»MStt«5J:CfB« 
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[0098] m^m 3 ornmz^ m*m2 tmm<mm 

[0099] «*^4 <omtt*. i 4 #<Dl5Wl£#£* 

[oioo] m=m5 (ommit. »*^4 &ism©*b« 
[oion m?m6<Dmm*> 

i 6it«3i 5 ©ran** <t iaitt©aii»«*-r « . 

[0102] i«*B7©ISHJ{3:. tflSMttHflJ-fe 

[0103] st*gt8 ©#6?h«. siayjjgs&fcicwglf 
©asm***-*. 

[0104] a«JS9 ©^w«. mfs^tgiftteio'ii^ 

20 

[0105] if$JS 1 0©3Mltt. l«JJttB9 £l5l*i©2ai 

[0106] nim 1 1 1 4»c<o«*ss»* 

* c t #r * sit* si$*r©afc**srr 

[0107] swag i zomm. w&* i i £ra«© 

[0108] SfcftB 1 3©^HJ«, {BffiM ■ WSi^tts 

*>6ft*3® i 2 ©Hn*> t mwtofhm&m-r 30 

[0109] iftjtm 1 4©&a>itt. • {myitis 

frbrnxmi o©wn*4Bia©siii»*»r*. 

[0 1 1 0] IS^Sl 5©WS«. 3xNXO»h©| 
3£T-*s «fc 2 x NSWIalgT-^W^S ^7 D C * 
-*KjBfflr*CiKJ:»). 1*3^1 4&Htt©*Ml& 

[0111] flMQR l 6©»^«. 6 xa 9 h©@S-? 
te«fc^4«©®fe?4Wr-5^^UXDC*-3»(c3fi 
flit"* Cite J: 9. tt$391 5<t|g«©ja»*4isrs. 40 

[0112] 1 7©&!!ild:, &g&fflffl-fe 

[0113] 1 8©#MUtt. {iS&fflffl-fe 
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*>. 111*01 8 *> &i»5j8B 1 6 ©flWi* £ RKIt©*&Jft&S 
[0 114]»*S19©^i«, ^l/XDM- 

mm i a^swas i 8 © 

[0S©BM|i&t89I] 

[01] C©^^©^5VUXDC^-^|g8i)SIS©— 

3tE»BK*svr wear* a. 

[0 2] ^7->UXDC^-5f(c^-r^m6S*©«PI 

[S3] 5*. i ux»nis«aE©iKMft«sk^(cjN' 

[04] 5^. 73cXMR*ift. 5,Xto£&7-Ammm 

m&vm&mmmmictttz 8 &issBfctsa&fi&}-©^ 

[05] 7^JKSIjfi«8ft©«SSiSSfiKJ±^{C*W41 4 
[06 ] EttMHIB*DlHrX'<c0 h*©— flteTjWH 
[07] «ffiS8E«ja©^5^l/^DC*-*©aWE*J 

[08] a&jA*fia5^®©-/-7'>t'XDc^-^©« 

[0 9 ] 9ffi&1=> D C^-HOWmt)^- 9 Y A, 

[010] iti^^UXDC*-^!^? h 
^^^*-T0-C*S. 

[011] *-**t^«#*Mt»*is>ifi'*tMHft 
[012] *-*©^^f s fl-4Mt>-5-te>-!J-UX{i* 
[013] 7^WiISW«*j9EAl/&l»»^(c*JW4ffi 
[014] 7 dmW&Wfofr&Jk Ofc«teCC*itt ZEM 

lb Hffi^>/-«-*@Bg 2 ^i/UXDCt- 

$ 

3 a ^>itfi®g§ 3 b 

3c •fe'0{'0^3>^l/-3' 6 7-f3> 

5 igtH&aA@88 3 3 fig • jia^ffiSB 
3 4 jia$tJSPSI5 3 5 (igiWPgB 

3 6 masfijaigp 
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